NMR structures and orientation of the fourth transmembrane domain of the rat divalent metal transporter (DMT1) with G185D mutation in SDS micelles.
DMT1, also known as Nramp2, is an iron transporter, and belongs to the family of Nramp proteins. Disease-causing mutations both in Nramp1 and Nramp2 occurring at the conserved two adjacent glycine residues located within the fourth transmembrane domain (TM4) suggest that TM4 may serve an important biological function. In the present study, we have determined the high-resolution structures of a synthetic peptide, corresponding to the sequence of the fourth transmembrane domain of rat DMT1 with G185D mutation, in membrane-mimetic environments (e.g., SDS micelles) using NMR spectroscopy and distance-geometry/simulated annealing calculations. The spatial structures showed alpha-helices without a kink in the middle portion of the peptide, with a highly flexible and poorly defined N-terminus. Both the N-terminus and the helical core of the peptide were embedded into the SDS micelles. Interestingly, the folding and membrane location of the C-terminus was pH dependent, being well-folded and inserted into SDS micelles only at a low pH value (4.0). The peptide exhibited amphipathic characteristics, with hydrophilic residues (Asp7, Thr11, Asp14, and Thr15) lying in one side of the helix, which provide a basis for the formation of water-filled channel architectures through self-associations. The significant broadening of the resonances of the hydrophilic residues Asp7, Thr11, and Asp14, which are buried inside SDS micelles, upon addition of Mn2+ further verified the possibility of the formation of a channel through which metal ions pass. The substitution of Gly7 by an aspartate residue neither significantly altered the structure and membrane location of the peptide nor abolished its properties of channel forming and metal permeation compared with the wild-type peptide.